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Introduction
In RAN3 109E Meeting, RAN3 had below agreements on NR QoE. 
NR QoE management supports following service types: 
Streaming video: TS 26.247
VR: TS 26.118
MTSI: TS 26.114
MBMS: TS 26.347
The radio related measurements and information to assist the NR QoE management functionality in addition of SA4 QoE metrics will be considered, whether collects from the RAN node and/or from the UE is FFS.
Study the requirements for QoE report visibility at the RAN.
The UE Application layer measurement capability is indicated in the UE Radio Capability Info Indication message.
RAN3 agrees to study:
- The mechanisms for RAN releasing QoE measurements; 
- The mechanisms for handling QoE report delivery at RAN overload.
Discuss the QoE measurement configuration and reporting in SA, NSA and MR-DC.
NR QoE measurement configuration is maintained in the RRC INACTIVE state.
Mobility support is specified for both signaling- and management-based NR QoE management.
Both the management-based and signalling-based solutions for NR QoE management are supported.
UP solution is precluded and the NR QoE reports are carried over CP from RAN3 point of view.
Discuss event- and time-based measurement triggering and stopping, as well as measurement triggering by RAN.
In addition, RAN3 has open issues about collect QoE per slice and potential impacts in NR QoE.
Based on the above, this paper discusses the potential NR QoE solutions on the triggering, configuring and measurement collection and reporting, as well as open issues on collect QoE per slice and potential impacts.
Discussion
2.1 Triggering
Here we would like to discuss the event- and time-based measurement triggering and stopping, as well as measurement triggering by RAN, which had been agreed to discuss in RAN3 109E meeting.
2.1.1 Event-triggering 
For event-based triggering, it helps operators to collect QoE information form UE when UE is in some special scenarios, such as high-speed, bad coverage or high interference scenarios. Those special scenarios are experienced by UE itself, so the QoE measurement can be triggered by the UE according to the triggering conditions provided in QoE measurement configuration from the network.  
For time-based triggering, it helps operators to collect QoE information form UE in a specific time, however, it can be realized by implementation.
Proposal 1: Triggering conditions should be added in QoE measurement configuration to support event-triggered QoE measurement in NR QoE. 
2.1.2 RAN-triggering
RAN triggered QoE measurement is also beneficial for real-time optimization especially for URLLC services. It helps RAN to tune the parameters intermediately to prevent further QoE degradation for the URLLC services if the QoE degradation is caused by RAN.
Besides, RAN triggered QoE measurement has no extra specifications impact based on signaling-based and management-based solution, as it only use part of the whole procedure.
Observation 1: RAN triggered QoE measurement is beneficial for the critical services without any extra specification impact based on management-based QoE solution and signaling-based QoE solution.
Proposal 2: RAN triggered QoE measurement should be supported in NR QoE.
2.2 Configuring
In RAN3 109E meeting, it is agreed that both the management-based and signalling-based solutions for NR QoE management are supported, which is the same as LTE QMC. So we prefer to reuse LTE QMC solution including Trace mechanism. 
In addition, there are some other aspects are different or not supported in LTE, so we would like to discuss how to enhance them based on LTE solution.
2.2.1 Reuse LTE QMC including trace mechanism
As most requirements of NR QoE are the same as LTE QMC, it would be easier to reuse LTE QMC solution. 
Reuse trace mechanism including the messages and IEs is also preferred since it has less specification impact. Regarding the enhancement of adopting QoE configuration to trace mechanism, the MDT solution can be referred as it faced the same issues as QoE configuration. 
Observation 2 Reuse LTE QMC solution including trace mechanism will have less impact on specifications.
Proposal 3: Reuse Trace mechanism for NR QoE is preferred, enhancements can refer MDT solution in NR. 
2.2.2 Configuring multiple QoE measurements for a single UE
Unlike LTE QMC in which only two services are considered, diverse services and new emerging services should be considered in NR QoE. A single UE may have one or more QoE measurement(s) configured at the same time, which means activate and deactivate one or more QoE measurement(s) simultaneously for a UE should be supported in NR QoE management.
To support activate one or more QoE measurement(s) configuration simultaneously, it is proposed to add QoE measurement list in QoE measurement configuration.
To support deactivate one of the multiple QoE measurements, it is proposed to add deactivation indication in deactivation configuration to notify UE which QoE measurement should be deactivated. 
Observation 3: The main difference between LTE QMC and NR QoE is that a UE may have different QoE measurements at the same time in NR QoE.
Proposal 4: Activation and deactivation multiple QoE measurements for a single UE should be supported in NR QoE. 
2.2.3 RAN overload handling
When RAN overload, the on-gonging QoE reporting will be stopped. However, the QoE when RAN overload is more important for operators than any other time. To keep the integrity of QoE reports even in RAN overload, two solutions can be considered:
- Suspend QoE reporting in UE AS layer, the QoE measurement in UE application layer is not change, the QoE reports will be buffered in UE AS layer, which will be sent to gNB when overload ends.
- Prolong QoE report interval in UE AS layer, the QoE measurement in UE application layer is not change, the QoE reports will be buffered in UE AS layer, which will be sent to gNB with a longer report interval
Both of the solutions can be realized by adding reporting configuration in AS layer by RAN side.
During the handover, the AS reporting configuration should be sent to the target gNB, the target gNB can decide whether change the reporting or not based on the load situation.
Proposal 5: AS layer reporting configuration should be added in QoE measurement configuration to keep the integrity of QoE reports when RAN overload. 
2.2.3 Mobility support
If the serving cell of a connected UE with QoE measurements configuration is changed, the QoE measurement configuration for the UE should be transmitted from the last serving gNB/source gNB to the new serving gNB/target gNB. 
The exactly IEs in the QoE measurement configuration should be transferred from the last serving gNB/source gNB to the new serving gNB/target gNB depends on the triggering mechanism, configuration status and so on, most of which have not been decided yet in NR QoE. So we prefer to wait until solution is clear. 
Proposal 6: QoE measurement configuration should be exchanged between gNBs to support the continuity of QoE measurements during mobility of connected state and inactive state, details are FFS.
2.3 Measurement collection
In previous meeting, RAN3 had agreed to consider NR radio network layer (RNL) information to assist NR QoE management in addition of SA4 QoE metrics.
For better time alignment, it is easier and more efficient that collect RNL information along with each QoE report from UE side. 
The RNL metrics should be defined by RAN side, and below information can be considered in QoE reports:
· Serving Cell information (to assist finding the problem cell)
· RNL Configuration information (to assist finding the reasons of QoE degradation)
Proposal 7: Collect RNL assistance information including serving cell information and RNL configuration information from UE side is preferred.
2.4 Reporting 
2.4.1 QoE visibility for RAN
QoE visible for RAN is beneficial for RAN resource management and mobility management, being QoE-aware helps RAN to provide the best service experience with more efficient resource cost, for example it can be used in below functions:
· QoE-aware scheduling, it helps RAN to allocate resources more efficiently.
· QoE-aware load balancing, it helps RAN to make a better offload decision.
Considering the QoE measurement and reporting can be triggered by OAM, CN or RAN, whether the RAN ranvisibility makes sense depends on the initiator and measurement/report configuration.
· If the QoE measurement is initiated by RAN, it’s obvious that RAN can read the QoE reports.
· If the QoE measurement is initiated by OAM/CN, if the measurement and reporting is triggered by RAN related event, such as poor coverage or high interference, it makes sense for RAN to read QoE reports.
· If the QoE measurement is imitated by OAM/CN, if the report interval is related to cell change, it makes sense for RAN to read QoE reports.
Observation 4: It is more efficient for RAN side scheduling and mobility optimization if the relevant QoE report is visible for RAN. 
Proposal 8: QoE reports should be visible for RAN in conditions.
2.5 Slice QoE
2.5.1 Requirements of slice QoE in NR QoE
Network slicing is a key feature for 5G, it should be considered anywhere in 5G. Regarding NR QoE, collecting QoE per slice is helpful for operators to be aware of actual user experience of a specific slice. The slice QoE is useful no matter for management system (e.g. OAM) or for network functions (e.g. UDM, NWDAF, etc.), below are detailed analysis:
	Functions
	Slice QoE 
	Description/reasons

	OAM
	Can be used for Network Slice performance assurance
	In Annex H of TS 28.550, it is clear that slice QoE can be used for SLA fulfilment evaluation, based on which, NSI modification can be triggered for network slice performance assurance i.e. Service Experience per Network Slice can help CN/RAN adjust slice resource configuration.

	OAM
	Can be used for inter-slice orchestration
	In business requirements of TS 28.530, one of the requirements is “EQ-3GPPMS -CON-24	The 3GPP management system shall support inter-slice orchestration (e.g., orchestrated provisioning of multiple slices and resolving issues on quality, fault, and anomaly, among multiple slices).”
It is beneficial for inter-slice orchestration by knowing slice QoE.

	NWDAF
	Slice service experience analysis and prediction
	In chapter 6.4.1 of TS23.288, NWDAF can provide slice level Service Experience analytics to a service consumer, the analytics are based on the service experience (i.e. QoE per service flow) from AFs.
However, the QoE information collected from AFs is out of 3GPP scope and may not be controlled by operators, which means the information is uncertainty (in case the AF doesn’t support collecting QoE information) and inconsistency between different AFs from different service provider, which have different MOS models). Thus, more dimensions of collecting QoE is needed, e.g. collect QoE from UE controlled by 3GPP network.

	NSSF
	Assist to make network slice selection decision
	According to TS23.501, the Network Slice Selection Function (NSSF) is responsible for selecting Allowed NSSAI, configured NSSAI and Network slice instance serving the UE, it will consider Requested NSSAI, Default Configured NSSAI Indication, local configuration, and other locally available information or load level information for a Network Slice instance to make the selection decisions. It would be beneficial for NSSF knowing the service experience on existing slice(s) to make a better decision of network slice selection.  



Based on the above, the requirements of slice QoE in 5G are:
· for slice SLA maintenance and enforcement in OAM
· for slice experience analysis and prediction in NWDAF
· for better slice selection decision in NSSF
Observation 5: Slice QoE is needed for SLA maintenance and enforcement in OAM, slice service experience analysis and prediction in NWDAF and network slice selection in NSSF.
Proposal 9: Slice QoE should be supported in NR QoE management.
2.5.2 Slice QoE mechanism
Configuration
In LTE QMC, the QoE can be collected from UEs in a specific area which realized by a parameter in the QoE configuration IEs, the parameter can be either Area Scope (including list of PLMNs, TACs or Cells) out of the QoE configuration file checked by eNB or cell list in the QoE configuration file checked by UE. 
[bookmark: _GoBack]In NR, a cell may serve for one or more network slices, to collect QoE per slice, the method of checking Area Scope by the RAN node or checking cell list by UE can be reused in slice QoE, thus we can name it Network Slice scope in NR QoE management, which may contain one or more slice identities (i.e. S-NSSAI(s)).  
For both management-based and signaling-based solution, the Network Slice Scope can be included in the QoE measurement collection configuration, just the same as Area Scope. 
Proposal 10: Network slice scope information should be added in NR QoE measurement configuration to support slice QoE measurement.
Reporting
An alternative way of obtaining slice QoE is by adding slice information along with the QoE report. As UE is aware of which service is on which slice, it’s easy to add slice information in QoE report.
Either way can be considered in study phase. 
Proposal 11: Network slice information should be added in NR QoE report to support slice QoE reporting.
Based on the above discussion and the agreements of previous meeting, we proposed a pCR of the whole NR QoE solution including related procedures and NR specification impact in [1].
Proposal 12: It is proposed RAN3 to agree the pCR of NR QoE solutions, procedures and specification impact in R3-206037 for TR 38.890.
Conclusion
In this paper, we analyse the potential solutions and specification impact, the following are proposals:
Proposal 1: Triggering conditions should be added in QoE measurement configuration to support event-triggered QoE measurement in NR QoE. 
Observation 1: RAN triggered QoE measurement is beneficial for the critical services without any extra specification impact based on management-based QoE solution and signaling-based QoE solution.
Proposal 2: RAN triggered QoE measurement should be supported in NR QoE.
Observation 2: Reuse LTE QMC solution including trace mechanism will have less impact on specifications.
Proposal 3: Reuse Trace mechanism for NR QoE is preferred, enhancements can refer MDT solution in NR. 
Observation 3: The main difference between LTE QMC and NR QoE is that a UE may have different QoE measurements at the same time in NR QoE.
Proposal 4: Activation and deactivation multiple QoE measurements for a single UE should be supported in NR QoE. 
Proposal 5: AS layer reporting configuration should be added in QoE measurement configuration to keep the integrity of QoE reports when RAN overload.
Proposal 6: QoE measurement configuration should be exchanged between gNBs to support the continuity of QoE measurements, details are FFS.
Proposal 7: Collect RNL assistance information including serving cell information and RNL configuration information from UE side is preferred.
Observation 4: It is more efficient for RAN side scheduling and mobility optimization if the relevant QoE report is visible for RAN. 
Proposal 8: QoE reports should be visible for RAN in conditions.
Observation 5, Slice QoE is needed for SLA maintenance and enforcement in OAM, slice service experience analysis and prediction in NWDAF and network slice selection in NSSF.
Proposal 9: Slice QoE should be supported in NR QoE.
Proposal 10: Network slice scope information should be added in NR QoE measurement configuration to support slice QoE measurement.
Proposal 11: Network slice information should be added in NR QoE report to support slice QoE reporting.
Proposal 12: It is proposed RAN3 to agree the pCR of NR QoE solutions, procedures and specification impact in R3-206037 for TR 38.890.
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